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a b s t r a c t
Feces were collected from 125 sheep between January and December 2007, on ten farms
in the State of Rio de Janeiro, Brazil, and examined for the presence of Cryptosporidium.
Ninety samples were collected from lambs 2 to 6 months of age, and 35 were from sheepccepted 14 October 2010
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over 12 months of age. All samples were subjected to molecular analysis by polymerase
chain reaction (nested PCR) in two steps of the SSU rRNA. Two samples (1.6%) from the
lambs were positive, and after sequencing were identiﬁed as Cryptosporidium ubiquitum.
This species has been reported worldwide and it is considered a zoonotic pathogen since
it has been found and in several animal species and humans. However, because of the low
quitum
ryptosporidium ubiquitum
frequency of C. ubi
In sheep, cryptosporidiosis presents as a mild to severe
ellowish liquid diarrheawith a strong odor, loss ofweight,
epression, abdominal pain, and death usually involving
nimals up to one month of age (Castro-Hermida et al.,
007; Santín et al., 2007; Geurden et al., 2008; Quílez
t al., 2008). Cryptosporidium species have been identi-
ed in feces of sheep by molecular techniques in the USA,
he UK, Italy, Belgium, Spain, Tunisia, China, Australia, and
razil (Soltane et al., 2007; Geurden et al., 2008; Mueller-
oblies et al., 2008; Quílez et al., 2008; Fayer and Santín,
009; Féres et al., 2009; Paoletti et al., 2009; Yang et al.,
009; Wang et al., 2010). The following species are mainly
esponsible for Cryptosporidium infections in sheep: C.
arvum, C. xiaoi and C. ubiquitum, whereas C. hominis, C.
uis, C. andersoni, C. fayeri and pig genotype II have already
een identiﬁed in a very lownumber of animals (Majewska
t al., 2000; Ryan et al., 2005; Ryan et al., 2008; Fayer
nd Santín, 2009; Fayer et al., 2010). Because sheep can
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harbor zoonotic species identiﬁed in humans with clinical
symptoms of cryptosporidiosis (primarily C. parvum and C.
hominis), they should be considered a potential source of
infection of Cryptosporidium either by direct transmission
or by contamination of the environment (Castro-Hermida
et al., 2007; Geurden et al., 2008; Paoletti et al., 2009).
Sheep production throughout Brazil is estimated at
15.5million animals, but is concentrated mainly in the
south for meat and wool production and in the northeast
for meat and skin production (Viana, 2008). In the State of
Rio de Janeiro (RJ), the north area is focused on meat pro-
duction where the Santa Inês breed, raised in pastures, is
the most common (Cosendey et al., 2008a).
Due to the close proximity of sheep to humans and
the fact that diarrheic sheepwith cryptosporidiosis excrete
large quantities of oocysts (Bukhari and Smith, 1997), the
present study was conducted to determine the species of
Open access under the Elsevier OA license.Cryptosporidium in sheep in the State of Rio de Janeiro and
thereby evaluate the risks for human infection.
Fecal samples from sheep were collected in the North-
ern area of RJ from January to December 2007. Sheep of the
Santa Inês breed were selected at random from 10 prop-
y ParasiV.R.S. Fiuza et al. / Veterinar
erties in the municipalities of Carapebus (6), São João da
Barra (2), and São Francisco do Itabapoana (2). Samples
(15g) taken directly from the rectum of 125 individual ani-
mals were placed in plastic bags. The samples were labeled
and packed in insulated containers for transport to the
laboratory, where processing was performed within 24h
after collection. All samples were divided into two groups
according to age: lambs 2–6 months of age (90 animals)
and sheep over 12 months of age (35 animals).
Feces were processed by centrifugation with sucrose
(1.1 g/ml) to concentrate and purify oocysts according to
Fiuza et al. (2008). The concentration method followed by
the nested PCR used in this study has a detection rate of 10,
40 and 80% in samples previously spiked with 10, 100 and
1000 C. parvum oocysts per gram of feces, respectively.
For DNA extraction, the DNeasy Tissue Kit (Qiagen®)
was used with reagents provided by the manufacturer.
Modiﬁcations of the protocol included overnight incuba-
tion with proteinase K, and elution in 100l of AE buffer to
increase thequantity of recoveredDNA (Santín et al., 2004).
A nested PCR protocol was used to amplify an 830bp
fragment of the SSU rRNA gene from all 125 samples,
according to Santín et al. (2004). Before sequencing of the
positive samples, the PCR product was puriﬁed with two
hydrolytic enzymes: Exonuclease I and Shrimp Alkaline
Phosphatase, in a specially formulated buffer (ExoSAP-
IT, USB Corporation). After puriﬁcation, the product was
sequenced in both directions using the same PCR primers
used for the second ampliﬁcation in 10l reactions,
Big Dye Chemistries, in an ABI 3100 sequencer analyzer
(Applied Biosystems). The sequences of each strand were
aligned and examined with Lasergene software (DNAS-
TAR), and submitted to the Basic Local Alignment Search
Tool (BLAST) analysis to identify similarities with the Gen-
Bank sequences (Altschul et al., 1997).
Samples (1.6%), from 2 lambs less than 6 months of
age from Carapebus, were positive for Cryptosporidium
and after sequencing and comparison with the Gen-
Bank database, homology was observed with C. ubiquitum
(previously known as cervine genotype). Both nucleotide
sequenceswere identical andcanbeaccessed throughGen-
Bank under access number HM772993.
In an epidemiological study of cryptosporidiosis, it is of
fundamental importance to identify the species observed
because it is the only way to evaluate contamination risks
to other animal species and humans. Due to the great mor-
phological similarity among species of Cryptosporidium,
microscopic observation of oocysts alone is insufﬁcient
for identiﬁcation of species which requires molecular data
(Fayer and Xiao, 2007). Without molecular data micro-
scopic detection does not provide relevant information on
the zoonotic potential of the observed oocysts or enable
evaluation of the risk of infection to other animals in the
vicinity (Fayer and Santín, 2009).
Currently,C. ubiquitumhas been reported in awide vari-
ety of hosts (Ong et al., 2002; Xiao et al., 2002; da Silva
et al., 2003; Ryan et al., 2003), but appears most prevalent
in lambs (Ryan et al., 2005; Santín et al., 2007). Impor-
tantly, the diagnosis of this species must be interpreted
with caution when RsaI restriction enzymes are used for
the COWP gene ampliﬁcation because C. ubiquitum and C.tology 175 (2011) 360–362 361
hominis have the same restriction site (Ong et al., 2002;
Santín and Fayer, 2007).
In a study conducted in Australia, 447 fecal sam-
ples from pre-weaned sheep up to eight weeks of age
were analyzed by nested PCR of the 18S rRNA followed
by sequencing of positive samples (Yang et al., 2009).
Cryptosporidium ubiquitum was observed in 2.2% of the
total samples (10/447), which is similar to the prevalence
described in Brazil by this study [1.6% (2/125)]. Geurden
et al. (2008) found a slightly higher prevalence in a sur-
vey conducted in ten properties in Belgium, where 6.5%
(9/137) of fecal samples from lambs up to 10 weeks of age
were positive for C. ubiquitum. A study in the USA by Santín
et al. (2007), in which fecal samples were collected at 7, 14
and 21 days of age from 32 lambs and examined by nested
PCR, showed a high prevalence of C. ubiquitum in lambs less
than a month old. Of these, 22 were eliminating C. ubiqui-
tum and three different sequences of C. ubiquitum (cervine
1–3)were observed. The sequences obtained in the present
study (HM772993) have 99.8% homology (656/657) with
the cervine 2 genotype described by Santín et al. (2007)
(EF362480) in six of the 22 animals. The same sequence of
cervine genotype 2 has been reported in the United King-
dom and was previously identiﬁed as a novel genotype
(Elwin and Chalmers, 2008).
InBrazil, diagnosticsbasedonmicroscopy in sheep feces
have shown prevalence rates ranging between 3.7 and
47.0% (Green et al., 2004; Tembue et al., 2006; Cosendey
et al., 2008a; Cosendey et al., 2008b). Féres et al. (2009)
collected 460 fecal samples from 21 sheep farms in the
State of Sao Paulo (SP). After screening with malachite
green, 31 positive sampleswere analyzed by PCR of the 18S
rRNA. After sequencingwas performedonone sample from
each property in the study, three samples were success-
fully sequenced: C. parvum type A, C. parvum type B, and
C. ubiquitum. Because GenBank access numbers for these
sequences were not provided we could not compare those
sequenceswith sequences found in the present study. Also,
in SP (Paz e Silva, 2007), 100 samples from sheep of differ-
ent ages were collected and analyzed by RFLP PCR. Two
samples presented restriction patterns compatible with C.
parvum, two with C. bovis and 19 compatible with C. felis
or C. ubiquitum. According to information provided by the
authors themselves, both C. felis and C. ubiquitum have the
same restriction sites; therefore, they could not conclude
if it was C. felis or C. ubiquitum because sequencing of the
positive PCR samples was not performed.
The ﬁrst reports of C. ubiquitum in humans were found
by Ong et al. (2002) in fecal samples from patients with
clinical symptoms consistent with cryptosporidiosis and
by Trotz-Williams et al. (2006) in a fecal sample after
PCR ampliﬁcation of the 18S rRNA. Subsequently, sporadic
cases of this species affecting humans have been described
(Feltus et al., 2006; Leoni et al., 2006; Soba et al., 2006)
and thereforeC. ubiquitum should be considered apotential
emerging zoonotic pathogen (Santin and Fayer, 2007).In the present study C. ubiquitum was observed only in
lambs. In the U.S. and Belgium, this species is most preva-
lent in lambs when compared with weaned and adults
(Santín et al., 2007; Geurden et al., 2008). However, in
Australia, C. ubiquitum was more prevalent in weaned ani-
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als and was the most prevalent among the eight species
nd genotypes that were diagnosed (Ryan et al., 2005).
It is important to consider that the low frequency of
ryptosporidium in this studymay be related to the number
f samples collected per animal, which was performed on
nly one occasion. Studies have shown that animals neg-
tive for oocysts in one sample analysis may be positive
n other samples collected from the same animal within
n interval of a few days (Santín et al., 2007). The age of
heep is also another factor to be considered. In this ani-
al species, cryptosporidiosis also appears to have ahigher
revalence in lambs less than one month old, which is
imilar to results observed by Santín et al. (2007), Castro-
ermida et al. (2007) and Quílez et al. (2008).
The results of this study demonstrate the need for
urther comprehensive molecular studies of sheep cryp-
osporidiosis in Brazil, with an epidemiological design and
ample size determination based on the number of animals
er region. Because of the low frequency of C. ubiquitum
ound, the risk for public health in this region may not be
igh. Feces from humans who live in the same area should
lso be examined for a conclusive study.
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